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INTRODUCTION 
The biological and pathological significance of petechial 
hemorrhaging has been studied for many years. Petechial forma-
tion has been observed and photographed in the golden hamster 
(Mesocricetusauratus) after total body and cheek pouch x-ir-
radiation, during local and generalized infection, with induced 
neoplasia, and following trauma (Lutz, Fulton, Young, Shulman t 
Berman 1953). Spaet (1952) observed that moccasin snake venom 
produced petechiae when applied to the mesoappendix of the rat 
with immunothrombocytopenic purpura. It ~~s found that moc -
casin venom applied topically to the everted transillumined 
cheek pouch of the anesthetized hamster produced numerous 
petechiae within 2 to 5 minutes (Arendt, Shulman, Fulton, Lutz 
1953). The moccasin venom technique for producing petechial 
hemorrhages provided an excellent opportunity for the micro-
scopic study and motion picture recording of the actual process 
by which petechiae are formed. Kodachrome motion picture rec-
ords were made using this method. Magnifications as high as 
1200x permitted detailed observation of the extravasation of 
erythrocytes. 
The findings with moccasin venom in normal hamsterssug-
gested the possibility of using venom as a test for suscepti-
bility of blood vessels to petechial formation under various 
conditions. To this end, the author arrived at a standard 
volume and concentration of moccasin venom which would elicit 
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a minimal or threshold petechial response in the blood vessels 
of the cheek pouch within a 2-hour interval following subepi-
thelial injection. 
This dissertation describes the vascular effects of moc-
casin venom at the microscopic level and demonstrates the use 
of the venom test as a quantitative device for measuring pete-
chial susceptibility of the blood vessels of hamsters treated 
with beta and gamma irradiations, the hemostatic agent Adrenosem, 
rutin, cortisone, calcium-free mammalian Ringer's solution, 
hyaluronidase, antihyaluronidases, and nor-epinephrine. The 
effects of intramuscular and intravascular administrations of 
venom are also reported. In this work the use of the test has 
been expanded to include determinations of various degrees of 
susceptibility in the vessels of the mesocecum of the hamster. 
A means is thus provided for a comparison of the responses of 
blood ve~sels in peripheral and visceral areas. 
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REVIEW OF LITERATURE 
It is conceivable that the gross effects of poisonous 
snake bite were known as early as man's first encounters with 
these venomous reptiles. Macht (1944) recalled that there 
are numerous words in the Bible which refer to snakes. After 
some years spent in the study of various snake venoms, he con-
cluded that writers in Old Testament biblical times possessed 
considerable knowledge concerning their effects. In support 
of this contention, Macht discovered two passages in which 
physiological and toxicological evidence points to the identi-
ty of the species. Proverbs 23:29-35 contains a relatively 
accurate description of alcoholic intoxication which is com-
pared to snake bite. Verse 32 states, "At the last it biteth 
like a serpent, And stingeth like an adder." Practically all 
of the relatively few snakes which are venomous belong to two 
families: (I) Columbridae (principally the subfamily Elapinae) 
which include the cobras; and (2) Viperidae (Viperinae and 
Crotalinae) including vipers, water moccasin, and rattlesnake. 
Loveridge (1945) made a statement to the effect that the ven-
oms of cobras and sea snakes act on the nervous system (neuro-
toxic), while those of the vipers {including the genus Agkis-
trodon) have their effect on the blood (hemotoxic). He was 
carefu~ to note, since all venoms are complex and contain both 
these and other properties in varying proportions, "there are 
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several exceptions ~o this generalization." Little initial 
pain is produced by the bite of a cobra, and death from respir-
atory paralysis follows rather quickly. Viper bite is very 
painful and is followed by local swelling, nausea, diarrhea, 
and gradual paralysis of the respiratory centers. These find-
ings were substantiated by Wada (1926) who reported, "A bite 
of the cobra produces only slight local pain, which is fol-
lowed by sensory paralysis and muscle rigor." Viper snake 
bites, however, were observed to produce "locally excruciating 
pains, marked edema and hemorrhages." Loveridge (1945) gave 
the following detailed account of the effects of a bite from 
a large pit viper (Crotalus): 
"Immediately after the strike there is a . 
fiery pain at the site, owing to the action 
of the venom on the nerves. This is quickly 
followed by profuse bleeding, as red and 
then purple discoloration spreads as a re-
sult of anticoagulative action. Rapid swel-
ling sets in as cytolytic elements attack 
the walls of the smaller blood vessels and 
the blood, damaged by hemorrhagin, seeps 
through to infiltrate the tissues. Nausea 
and vomiting are produced by neurotoxins. 
The pulse is rapid, sometimes double the 
normal rate, owing to the low blood pres-
sure. Respiration becomes increas.ingly 
difficult and breathing stertorious till 
asphyxia ensues." 
The two parallel clauses in verse 32 of Proverbs 23 de-
scribe two distinct types of snake bite. The first (suggestive 
of the cobra) is at the onset no more painful than the imbibi-
tion of alcohol. In fact, small doses of the poison reportedly 
produce a primary stimulation of the special senses and brain 
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activity. This is soon followed, however, by narcosis and 
coma. In the second line of the verse, some of the more com-
mon effects of alcohol poisoni ng a r e compared to the viper 
bite. The Hebrew "yafrish" is rendered, "to excrete" or "to 
eliminate". This describes one of the symptoms of viper venom 
poisoning, namely, that of the purging of the bowels. Wada 
(1926) reported initial respiratory and locomotor difficultie s 
from poisoning by Agkistrodon blomhoffi, followed by involun-
tary d~fecation and urination. 
The second passage discussed was Isaiah 59:5. "They 
hatch adder's eggs and weave the spider's web; he that eateth 
of their eggs dieth, and that which is crushed breaketh out 
into a viper." Most Viperidae, including the "adder" herein 
mentioned, are oviparous. Macht cited the work of Flexner 
and Noguchi (1903) and Phisalix (1905) in which the toxicity 
of the viscera of Crotalus adamanteus and Vipera berus was 
demonstrated. The ova were found to be especially toxic. 
Macht found that venoms of both families are lethal ~rhen given 
by stomach tube to mice per~· According to Macht, "There 
is no doubt that the eggs of the tsiphoni, or viper, mentioned 
by Isaiah are poisonous when eaten." 
There have been many accounts of strange reactions to 
snake venom poisoning. It may be of some interest to cite 
. t wo of them, inasmuch as they are indicative of the remarkable 
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potency of these biological toxins. March (1929) reported 
an incident which occurred in Honduras. A native was struck 
by a viper (Bothrops atrox) while he was at work in the fields. 
Fellow workers carried him home and left him in the care of 
his wife. The anxious but ill-informed woman knew of nothing 
else to do but to bathe the punctures. As might be expected , 
her efforts were fruitless and the man died within a few hours. 
Shortly after her husband's death, the woman developed all the 
symptoms resulting from this type of snake bite, and some hours 
later she too was dead. Post-mortem examination revealed that 
her finger tips were extensively lacerated. It was learned 
that she regularly grated coconuts for candy which she made 
and sold to tourists. A lethal quantity of .venom had apparent-
ly been absorbed through her wounds while she attended her hus-
band. 
Further evidence of the potencyof venom was obtained 
from an accident, reported by Welker in 1924, in which Dr. 
Marshall was the victim. Marshall was transferring some rat-
tlesnakes (Crotalidae) in a wooden box when one of the animals 
struck and momentarily caught its fangs in the wire netting 
covering the box and ejected venom, some of which came in con-
tact with one of Marshall's eyes. The first symptom observed 
was an intense perspiration which developed within 5 minutes. 
The conjunctiva became decidedly distended with a yellowish 
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serum. This condition subsided in about 3 days, following 
treatment with cold compresses. The accident, however, re-
sulted in a very marked venom sensitization. Dried venom, or 
even a solution of venom left exposed in his laboratory, initi-
ated a severe response in Marshall's air passages with the pro-
duction of great quantities of a "thiek, tenacious mucus." 
The disturbance resulting from this unusual contact with snake 
venom lasted 2 or 3 months. 
PHARMACOLOGICAL CONSTITUENTS 
The pharmacological effects of snake venom have been ex-
plored for many years. Numerous investigators have tried to 
analyze the toxic principles of various venoms. Bleyl (1942) 
recalls that Lucien Bonaparte (1843) identified an active 
principle in Vipera berus venom as a protein with an action 
similar to "digestive ferments". Mitchell (1860) found that 
rattlesnake venom is a mixture of several toxic and non-toxic 
substances. He observed that when the venom was boiled for a 
short time and filtered, only the filtrate was toxic. Both 
the toxic and non-toxic fractions were identified as "albumi-
noid" substances. Chloride and phosphate salts were also 
found among the venom constituents. 
Numerous reports have been made regarding the identities 
of the toxic fractions of venoms. At one time, all fractions 
were considered toxic. However, Marshall (1904) believed that 
the reported toxicity in all fractions '\flras due to incomplete 
separation of the constituents. Marshall obtained three frac-
tions from Crotalus venoms by ammonium sulphate precipitation. 
A white globulin portion '\IITas found to be non-toxic, whereas 
the second fraction {not clearly identified) was yello"r in 
color and toxic. The third fractio·n was a white non-toxic 
substance which consisted in part of albumin. Welker (1924 ) 
described a toxic protein fraction obtained by an ammonium 
sulphate saturation process. This fraction produced conjes-
tion in the spleen and intestinal tract of pigeons. The globu-
lin fraction was inert while the albumin fraction was highly 
toxic. Markowitz, Essex, and Mann {1931) prepared albumin and 
globulin fractions from snake venoms (principally Crotalin) by 
the solid ammonium sulphate saturation technique, and found 
that the globulin fraction and protein-free fractions were 
consistently inert. The albumin fraction, however, caused a 
marked increase in blood viscosity and concomitant drop in 
blood pressure. The volume of the red blood cell was increased. 
The albumin fraction stimulated smooth muscle, producing maxi-
mal contractions of isolated uteri of virgin guinea pigs. 
Mitchell and Reichert (1886) conducted chemical determinations 
on various venoms and demonstrated two classes of proteins, 
namely, globulins and peptones. 
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Kyes (1904) reported hemolytic activity in chemically-
different fractions derived from various venoms. He demon-
strated this fact by using various antivenins '\'lrhich proved to 
be highly specific and selective in inhibiting the activity 
of the hemolytic principle found in each of the venoms tested. 
Bang and Overton (1911) reported a remarkable increase 
in the toxicity of venoms (especially Crotalus) upon the addi-
tion to the test solution of a quantity of hemolyzed erythro-
cytes. Their explanation for this phenomenon was based on 
the theory that venom enters the small blood vessels, hemolyzes 
some of the red blood cells, and release.s phosphatides which 
have been found to increase the toxicity of venom. 
Kyes and Bailey (1927) reported that the hemolytic action 
of the hemotoxin contained in viper snake venoms is not de-
pendent upon , the addition of an activator, such as lecithin. 
The effect is apparently a function of the degree of facility 
with which the venom penetrates the cells. The factor of mole-
cular size of the protein fractions of the venom is of apparent 
importance in this connection. Bleyl ( 1942) , on the other hand, 
indicated that Crotalus a.trox venom is activated by either the 
lecithin of the tissues, or the blood cells themselves. 
In 1912, Arthus stated that the activity of all venoms is 
due to toxic proteins ("proteotoxic"). He believed that venom 
toxins are elaborated from non-toxic substances, inasmuch as 
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experimentation with extracts of various organs of venomous 
snakes failed to indicate any toxic effects. This latter 
finding is in obvious contrast to that of Macht, as stated 
above. Hansen (1931) demonstrated the presence of proteoly-
tic ferments in three venoms, including that of Agkistrodon 
piscivorus. He added the test venom to 2 cc. of a solution 
of casein. The venom-casein mixture was agitated (to homo- · 
genize the constituents) and incubated for 1 hour. Follo~~ng 
this, 6 drops of a mixture of acetic acid, alcohol, and dis-
tilled water were added. The presence of proteolytic ferments 
was shown by the degree of digestion of the casein. 
Lecithinase activity of snake venoms was demonstrated by 
Hughes (1935). He found that a unimolecular film of lecithin 
spread on an aqueous solution is converted to lysolecithin by 
snake venom present in the solution. Hemolysis of guinea pig 
cells exposed to venom action was said to be related to leci-
thinase content of the venom. 
Micheel and Kraft (1935) demonstrated that molecules of 
venom toxin vary in size, are adsorbed on protein molecules 
of different sizes, and are toxic only when anchored on suit-
able protein molecules. This was determined by ultrafiltra-
tion which prevented passage of albumin and globulin fractions, 
yielding an ultrafiltrate which contained no toxin. 
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Githens (1935) performed extensive studies on the yield 
and toxicity of the venoms of North American pit vipers. He 
reported that fresh liquid venom, when properly dried, yields 
from 20 to 35 percent total solids. The maximum amount of dry 
venom extracted from A. piscivorus was 190 mg. The bulk of 
this is proteid in nature, consisting of peptones, proteases 
and true proteins. Githens states further that venoms of pit 
vipers "are all complex mixtures containing poisons which act 
on the blood, the blood vessel walls, the central nervous sys-
tem and other tissues." Subcutaneous or intramuscular injec-
tions ~rere reported to induce local reactions characterized by 
edema and hemorrhage, and followed by ·weakness and paralysis. 
Excessive intravenous doses were said to kill within 5 to 10 
minutes by convulsions which were apparently asphyctic, and 
perhaps by interruption of the circulation resulting from 
intravascular clotting. Githensshowed that species which se-
crete a small amount of venom per strike tend to have more 
active venoms, while those yielding large amounts have weaker 
venoms. 
Merchante (1936) dissolved dried C. terrificus venom in sa-
line (25 mg. per cc.) and fractioned the proteins by the sodium 
sulphate method. The components were listed as total nitrogen, 
albumin and globulin, non-protein nitrogen, total sulphur, cys-
tine, tryptophane, tyrosine, and ash. Merchante reported 
that the albumin fraction exhibited proteolytic activities 
(liquefaction of gelatin). Experimentation with Bothrops 
venoms, however, indicated that both albumin and globulin 
fractions were hemolytic. 
Schmidt and Davis in a report on the venoms of snakes 
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in the United_ States and Canada (1941) noted that the venoms 
of pit vipers in general are clear, yellowish, thick fluids, 
which dry to a crystal-like solid. According to these in-
vestigators dried venom is unaffected by . cold or by the lapse 
of time. Its properties are destroyed by heat, however, sug-
gesting the proteid nature of the constituents. When taken 
by mouth, snake venom has no poisonous effect unless there 
is an open injury in the mouth or stomach. "Its action when 
injected into the blood stream or into the flesh is the more 
remarkable" (Schmidt and Davis, 1941). 
Proper combination of venom constituents is apparently 
necessary for toxic activity. With a medium grade Berkefeld 
filter, Bleyl (1942) separated crude dried Crotalus atrox 
venom into two fractions which were non-toxic to white rats 
when injected intraperitoneally. Recombination of these frac-
tions gave the venom its original toxicity. 
The importance of the presence of ribonuclease (RNase) 
in snake venoms (including Crotalus terrificus and Bothrops 
jararacussu) was demonstrated in 1952 by Taborda, Taborda, 
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Williams, and Elvehjem. They proposed that this enzyme 
might implement the toxicity of the venom by supplementing 
the hydrolytic activity of the proteases, peptidases, lipases, 
and phosphatases, which are known to be present in snake venoms. 
There is an apparent _' correlation between toxicity and RNase 
ac·tivity. This was suggested by the fact that the most toxic 
venoms showed the highest nuclease activity. 
PHYSIOLOGICAL ACTION 
In 1953, Porges reviewed the mode of action of snake ven-
oms upon animal tissues. The hyaluronic acid co~ponent is a 
mucopolysaccharide which bin:is water in the interstitial spaces 
between connective tissue cells. 'l'his is the substance which 
resists penetration of the tissues by foreign materials. De .. 
polymerization of hyaluronic acid decreases .or nullifies re-
sistance. A "spreading factor" found in many venoms, including 
that of A. piscivorus, has been identified as hyaluronidase. 
Duran-Reynals {1939) stated that a spreading factor contained 
in snake venoms distributes the toxins and produces broadcast 
effects. Porges suggested the concept of inhibition of hyal-
uronidase action through the liberation of an antihyaluronidase 
substance called anti-invasin, which is associated with the 
pseudoglobulin fraction of animal sera. He indicated, however, 
that the hyaluronidase of water moccasin venom is not inacti-
vated by the serum. Instead a heat-labile substance in venom 
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(proinvasini) is said to inactivate the anti-invasin. Venoms 
containing large quantities of proinvasin I quickly destroy 
the anti-invasin, thus permitting rapid spreading through the 
tissue. Porges reviewed the various local effects of venoms, 
including such phenomena as increased permeability resulting 
from destruction of substances surrounding the blood vessels. 
Lecithinases reportedly attack the lipid layer of endothelial 
cell surfaces, producing lysolecithins which expand the sur-
face film, thus increasing fragility and permeability. Bleyl 
(1942} stated that snake venoms owe their toxicity to a group 
of "more or less specific proteolytic and lipolytic enzymes 
and coenzymes". 
Significant among the many physiological effec~of the 
viper venoms are those involving the cardiovascular and respir-
atory systems. Mitchell (1886} found that Crotalus venom in 
dilute concentration materially affected erythrocytes. The 
normally bi-concave cells became spherical, and possibly ad-
hesive (Noguchi 1904}. Aggregations of spheroid erythrocytes 
were observed and the term "venom-agglutination" was applied 
to the phenomenon. 
Wada (1926} utilized Agkistrodon blomhoffi venom in experi-
mentation on mice. He noted that injection of 0.004 gm. of 
venom by way of the carotid vein produced a marked depression 
in blood pressure. Immediately following injection, the rate 
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and amplitude of respiration were diminished. Death resulted 
from respiratory failure. Perfused venom caused vasoconstric-
tion in .the ears, small intestine, and lungs of experimental 
rabbits. Small doses of venom were found to have a stimulat-
ing effect upon peristaltic contractions of smooth muscle tis-
sue, but large doses stopped activity in tonic contraction. 
Essex (1932} found that intravenous administration of 
A. piscivorus venom in etherized dogs and rabbits caused a 
profound drop in blood pressure. The action was peripheral, 
as indicated by plethysmographic studies on spleen, kidney, 
and hind limbs. A decided increase in volume of individual 
erythrocytes was seen following addition of the venom to 
blood in vivo or in vitro. Additions of small quantities of 
moccasin venom to perfusing fluid quickly stopped the activity 
of the isolated heart of a rabbit. Intravenous injections of 
venom into guinea pigs produced occlusive bronchospasm. Essex 
found no difference between the physiologic actions of the 
venoms of the water moccasin and the rattlesnake, although he 
did not infer that the venoms are chemically identical. 
Iswariah and David (1932) also reported a fall in blood pres-
sure following injection of Russel's viper venom (Vipera 
elegans) into the femoral vein of cats and dogs anesthetized 
with chloralose or paraldehyde. They suggested that this 
hypotension was probably due to "paralysis of the capillaries", 
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although the heart and blood vessel walls were not directly 
affected. Cardiac failure was said to be due to the action 
of the poison on the c~rculation peripheral to the arterioles, 
producing "capillary stasis", and causing a loss in effective-
ness of heart filling. This assumption was based upon the fact 
that intravenous injections of saline revived heart action. 
Action of the venom on the heart in situ was recorded by myo-
cardiograph and cardiometer. 
Vellard (1939) reported that the resistance of erythro-
cytes to mechanical stresses and to hypotonic solutions varied 
inversely with the hemolytic properties of the venom used in 
' 
experimentation. Bleyl (1942) found that activation of Crotalus 
atrox venom by lecithin in the tissues or blood cells lowered 
the interfacial tension between blood plasma and corpuscles. 
This apparently caused a radical change in osmotic relation-
ships between cells and plasma. rythrocytes absorbed plasma 
which contained dilute venom, an they became spherical in form. 
He also observed that alteration in cell shape resulting from 
injections of rattlesnake venom 'mpaired the resistance of the 
cells to mechanical stresses ass~ciated with intravascular 
blood passage. Bleyl studied th, manner in which v~nom entered 
the blood cell "envelope". His ethod for determining changes 
in surface tension of venomized lood consisted of filling a 
5 cc. straight-sided vial with ood and lowering a capillary 
tube with an internal diameter o 1 mm. into the center of 
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the vial. The rise of the blood in the tube '\'lras measured and 
compared with that obtained for ormal, untreated blood. The 
marked increase in volume of . the erythrocytes, and the appear-
ance of reticulated red blood ce ls in the blood stream were 
considered by Bleyl as evidence erythrocytolysis, although 
no actual hemolysis was observed This apparent contradic-
tion was explained by the fact t considerable increase 
occurred in the amount of hemosi contained in the phago-
cytic cells of both liver and sp Rapid removal and de-
struction of venomized corpuscle was concluded. 
Shock was reported by Bleyl (1942) as the principle factor 
in the death of dogs and rats wh ch were treated with rattle-
snake venom. He observed great uantities of plasma leaving 
the capillary bed in the splanch ic zone of the dog and col-
lecting in the body cavities. also noted extensive hemor-
rhaging in the viscera. This fiJ~ing substantiated an earlier 
report by Fairley (1929} who obs:r ved both local hemorrhage 
and hemorrhages scattered throug the viscera in necropsies 
on snake bite cases in Australia. The largest hemorrhagic 
lesions were found in the lungs a d in the subperitoneal tis-
sue at the base of the mesentery. He reported a "selective 
affinity of hemorrhagin for endot elium" in experiments with 
Russell's viper venom injected inlravenously into sheep. 
Marked hemorrhagic infiltration o , ventricular endocardium 
was reported. 
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Finis and Senderey ( 1943 } r. iported that viper ·venoms 
(dissolved in Ringer's solution) \produced edema in degrees 
varying with the hemolytic power of the toxins, apparently 
related to the formation of lysolecithin in the vessel '"ralls. 
Lysolecithin, by its cytolytic action, evidently remains at-
tached to the endothelium, and so permits a rapid transpor-
tation of the endovascular fluids into the tissues. Spaet 
(1952) found that 0.2 percent solutions of moccasin venom 
produced local purpura and edema in the mesoappendix of the 
rat. Edema '"ras identified by a diminution of the "'ridth of 
the plasma layer and a loss of extravascular detail. 
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MATERIALS AND METHODS 
In this investigation, the golden hamster, Mesocricetus 
auratus, has been utilized because of the semi-transparent 
evertible cheek pouch with its advantages for 1£ vivo studies 
of blood circulation. Anesthesia was induced with Nembutal 
(Pentobarbital Sodiu~, Abbott) administered by intraperitoneal 
injection of 10 mg./100 gm. of body weight, and additional 
fortifying doses of 2. 5 mg. \"Jere given as needed. Hamsters 
of both sexes were used and varied in weight from 75 to 120 
grams. 
The cheek pouch preparation wa.s made according to the 
method described by Fulton, Jackson, and Lutz,(l947). For 
this purpose, a Plexiglass plastic dish* was used. (See Fig-
ure 1). The anesthetized hamster was placed upon the dish 
and the cheek pouch was everted and pinned over the transil-
lumination block. (Figure 2). The unoperated pouch was kept 
moist by means of a cotton sponge, soaked with mammalian 
Ringer's solution and placed on the pouch. The sponge was 
removed temporarily for each of the periodic observations. 
Preparation of the .che.ek pouch as a single-layered mem-
brane was necessary in some of the procedures. This technique 
*constructed, according to specifications, by M~ . John Keefe, 
Massachusetts Institute of Technology. 
Cheek pouch observation dish. 
Hamster cheek pouch prepared 
for transillumination. 
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Figure 1 
Figure 2 
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involved the surgical removal of an oval portion of the upper 
epithelial layer and the underlying loose connective tissue 
of the everted pouch. In this case it was necessary to fill 
the moat of the dish with mammalian Ringer's solution to a 
level sufficient to immerse the pouch, in order to prevent 
excessive drying and stasis in the exposed vessels. 
The test solution used in this study was a concentration 
of 0.01 percent moccasin venom (cottonmouth, Agkistrodon 
piscivorus piscivorus) prepared by dissolving the lyophilized 
venom* in .mammalian Ringer's solution. 
SNAKE VENOM CONTROLS (CHEEK POUCH) 
Double membrane cheek pouch preparations were made by 
the method described above. A Krogh-Keyes syringe pipette 
was used to deliver a standard dose of 0.02 cc. of venom 
(0.01 percent in mammalian Ringer's solution). Injection was 
intrapouch, the hypodermic needle being introduced into the 
subepithelial area (Figure 3). By means of a low po'\llrer bin-
ocular microscope (28X) and transmitted light, the pouch was 
inspected before injection of the venom, immediately following, 
and at 30-minute intervals thereafter for a period of 2 hours. 
Exact counts of the number of petechiae were made at each time 
interval. The normal response of cheek pouch blood vessels 
to moccasin venom was established originally in a group of 30 
*Kindly supplied by Dr. Daniel Shaw, Jr., Wyeth, Inc. 
Intrapouch injection of snake 
venom test solution. 
Figure 3 
.. 
, 
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hamsters and confirmed at subsequent intervals during control 
studies in 20 additional animals. 
Since the results in normal hamsters were relatively con-
sistent, comparative determinations of the effect of moccasin 
venom were made under various conditions. In many of the ex-
perimental groups significant variations from the normal were 
detected, suggesting that moccasin venom might prove useful 
as a test for susceptibility to petechial formation. All data 
were treated statistically and entered into composite tables. 
(See page s 68 t o 7 4 ) • The 2x2 comparison test was used to 
establish the significance of the experimental results, accord-
ing to the methods discussed by Barnard (1947) and Pearson 
(1947). Each group of experimental data was divided into t wo 
sections, one above and one below a value arbitrarily selected 
as the end point of protection against the snake venom effect. 
This value was set at 90 petechiae in the cheek pouch experi-
ments. The figure chosen for the mesentery studies was 40 
petechiae. 
The following example demonstrates the use of this test in 
establishing the significance of the difference between the ven-
om-produced petechial response of the cheek pouch blood vessels 
of normal, untreated hamsters and that of the vessels of animals 
which had been subjected to irradiation from a Sr90 source 
which had remained implanted in the cheek pouch for 24 hours. 
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The petechial counts used in both groups are those which were 
obtained at the 1-hour observation period. 
Number of Petechiae 
0-89 90-150+ 
. 
Controls 34' 11 45 
{a) (rl) 
Sr90 0 11 11 (r2) 
34 22 56 
(Cl) ( C2) (N) 
a =Total number of control animals with less than 90 petechiae. 
c1 =Total number of animals with petechial counts less than 90. 
c 2 = Total number of animaLs with petechial counts of 90 or more. 
r 1 = Total number of control animals. 
r 2 = Total number of Sr9o animals. 
N = Total number of animals involved in the test. 
a = 
,-.J 
rl cl = 45x34 = a = 
-N- 56 27.6 
6a 2 = rl clr2c2 = 45x34xllx22 = 370,260 = 2 14 
- . 
(N) 2 (N-l) (3,136)(55) 172,480 
t;Jii::: a-a = 34-27.6 = 6 4 
tl' --a 1 .45 1:45 = 4 • 41 (SIGNIFICANT) 
Values of 1.9, or greater, indicate · significance. Hence, there 
is a significant difference between the effect of moccasin venom 
on the vessels of the control hamsters and on those irradiated 
with sr90 • 
USE OF MOCCASIN VENOM AS A TEST FOR 
HEMORRHAGIC EFFECTS OF IRRADIATION 
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The snake venom test was utilized in an effort to demon-
strate an increased petechial susceptibility of blood vessels 
in hamsters subjected to x-irradiation and to irradiations 
with beta and gamma sources. 
Twenty hamsters were given 1200r dosages of x-irradiation 
delivered to the total body. The procedure consisted of placing 
the unanesthetized animal inside a cylinder made of cleared 
x-ray film sheets. The ends of the cylinder were closed off 
with cork stoppers (Figure 4). The container was placed under 
the x-ray tube at a distance of 10 inches. The x-ray source 
was a custom-built unit with 150 Kilovolts and peak performance 
at 6.6 milliamperes. Filtration consisted of .5 mm~ aluminum 
inherent in the tube. Shulman, Fulton, and Kagan (1954) demon-
strat.ed an increase in petechial formation with negative pres-
sure applied to the hamster cheek pouch during the vasodila-
tion phase following 1200r total body x-irradiation. This sug-
gestion of increased susceptibility resulted in the selection 
of the dilation phase for the application of the moccasin ven-
om test. It was found that maximal vasodilation was generally 
in evidence on the 5th post-irradiation day, so venom tests 
were performed routinely at that time. 
An effort was made to determine the effect of x-irradia-
tion upon the petechial susceptibility of cheek pouch vessels 
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Figure 4 
Hamster container for total body x-irradiation. 
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before and after the period of maximum dilation produced by 
x-ray exposure. Two groups of 6 hamsters each were treated 
with 1200r total body x-ray dosages. In one group the venom 
test was applied on the 2nd post-irradiation day. Animals of 
the second group were not tested until they S:lowed marked gross 
symptoms of serious radiation damage (fur dull and coarse; 
hunched posture; eyes sealed or obscured by yellow exudate). 
This condition was generally observed on the 6th to 8th post-
irradiation days. 
Twelve hamsters received x-ray dosages delivered locally 
to the total pouch. The cheek pouch was prepared by the method 
described previously, and a lead shield (Figure 5) was placed 
over the animal. A hole in the protective shield was oriented 
so that the cheek pouch alone was exposed to irradiation (Fig-
ure 6). Six of the hamsters received 500r total pouch irradi-
ation. The venom test was applied immediately after treatment. 
The remaining 6 animals were given 50r x-ray dosages. In each 
animal the venom test was applied to one cheek pouch immediately 
after irradiation and to the opposite pouch on the 2nd post-
irradiation day. 
Eleven hamsters were subjected to local beta irradiation 
produced by a glass bead (1.0 mm. in diameter) incorporated 
with sr90 (activity 140 rnicrocuries)*. The procedure consisted 
*The original radioactive beads were kindly supplied by Dr. 
Walter Kisieleski, Argonne National Laboratory. 
Lead shield for local x-irradiation 
of the cheek pouch. 
Cheek pouch exposed for 
local x-irradiation. 
l 
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~ 
I 
I 
I 
I 
Figure 5 
. , 
Figure 6 
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of preparing the cheek pouch of an anesthetized animal as a 
double membrane and inserting the bead between the epithelial 
surfaces by way of a slit made at the distal border of the 
pinned-out pouch. The bead was then manipulated into a posi-
tion sufficiently remote from the slit to prevent possible 
loss. Within 24 hours after implantation of the bead, the 
animal was again anesthetized and the pouch examined for vaso-
dilation. If dilation was marked, the venom test was applied 
and petechial counts recorded. 
Six other animals received intrapouch implantations of a 
92 microcurie Co60 gamma-emitting rod. It was found that 3 to 
4 weeks of exposure time were required to achieve sufficient 
dilation, so venom tests were run routinely at 4 weeks. 
EVALUATION OF ANTIHEMORRHAGIC AGENTS 
In 35 hamsters, the hemostatic agent Adrenosem* was 
tested for a possible protective action ·against the hemorrhagic 
effect of the venom per~· An injection of 1.5 mg. was made 
into the right flank just prior to intrapouch injection of 
the standard amount of moccasin venom. Periodic petechial 
counts were made at half hour intervals, following the injec -
tion of the venom. 
The possible protective effect of Adrenosem against bleed-
ing induced by x-irradiation was tested by pre-irradiation 
*The s. E. Massengill Company, Bristol, Tennessee. 
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treatment with Adrenosem. Intramuscular injections of 1.5 mg. 
were given to 12 hamsters immediately before total body x-ir-
radiation with 1200r. The Adrenosem was injected into the 
right flank of each animal. Irradiation was accomplished with-
out anesthesia by the method described above. The venom test 
was applied to these animals on the 5th post-irradiation day 
without any further Adrenosem treatment. 
Another group of 12 hamsters was irradiated without pre-
dose Adrenosem treatment; instead, the Adrenosem was injected 
immediately prior to the application of the venom test on the 
5th post-irradiation day. 
The potential value of rutin in alleviation of irradia-
tion-induced hemorrhages was tested by moccasin venom. Rutin 
was administered to 10 hamsters immediately prior to x-irradi-
ation of the total body with 1200r. A total dose of 25 mg. 
was injected into each animal (12.5 mg. intramuscularly in the 
flank, and 12.5 mg. intraperitoneally). The venom test was 
applied to the cheek pouches of these animals on the 5th post-
irradiation day. As controls, each of 6 hamsters received 
injections of rutin approximatelyn minutes before the snake 
venom test was applied to the cheek pouch vessels. 
The effect of cortisone upon petechial susceptibility was 
determined in 14 hamsters which received 10 daily injection·s 
of cortone acetate (5 mg. subcutaneously in the flank). Cheek 
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pouches of these animals were examined for vasoconstriction on 
the lOth day and the venom test was applied. 
ELUCIDATION OF THE MECHANISM OF PETECHIAL FORMATION 
In one experimental group, 8 hamsters were treated l'Tith 
intrapouch injections of calcium-free Ringer solution (0.02 cc.) 
to determine what effect it might have on the petechial sus-
ceptibility of the blood vessels. Cheek pouch observations 
were made immediately following the injection and-at 30-minute 
intervals for · a period of 2 hours. Eight other hamsters re-
ceived intrapouch injections of 0.02 cc. of a 0.01 percent 
dilution of moccasin venom in calcium-free Ringer solution. 
Observations were made every 30 minutes for a period of 2 
hours. 
Intravenous injections (femoral vein) of 5 cc. of calcium-
free mammalian Ringer's solution were made in 6 hamsters. Cheek 
pouch observations l'rere made · during the injections and at 30-
minute intervals for a period of 2 hours. Another group of 6 
hamsters received 5 cc. of calcium-free Ringer solution intra-
venously. Immediately after injection, the venom test was ap-
plied to the pouch. 
An effort was made to test the petechial susceptibility 
of cheek pouch blood vessels following denaturation of peri-
vascular connective tissue by hyaluronidase. Six hamsters 
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were treated with intrapouch injections of 0.5 cc. (75 TR units) 
of hyaluronidase. Observations were made immediately following 
injection and at JO-minute intervals thereafter, for a total 
of 2 hours. In 10 other hamsters intrapouch dosages of .05 cc. 
(7.1 TR units) of hyaluronidase were administered just prior 
to the injection of the standard amount of snake venom test 
solution. Routine observations were made as descri bed above . 
The snake venom test was applied to 22 hamst ers immediately 
following injection of antihyaluronidase. Eight hamsters re-
ceived intravenous injections of 20 mg. of antihyaluronidase 
* (SN 40-B, Searle) prepared in distilled water. Two methods 
of intravenous injection were used. In the first method the 
jugular vein was exposed and a cannula, consisting of the bar-
rel of a 27 gauge hypodermic needle and a length of polyethy-
lene tubing, was inserted (Figure 7). A syringe containing 
the solution was inserted in the cannula and the 20 mg. were 
injected. The second method involved cannulation of the femoral 
vein and injection of 20 mg. of antihyaluronidase (Figure 8). 
Two hamsters received intraperitoneal injections of 20 mg. in 
an endeavor to determine the effectiveness of administration 
by this method. 
Two additional antihyaluronidase solutions (SC-4892 and 
* . SC-5345, Searle) were tested 1n two other groups of hamsters 
*Kindly supplied by Dr. Robert Craig, G. D. Searle, Inc. 
Cannulation of the jugular vein. 
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Figure 7 
Cannulation of the femoral vein. 
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Figure 8 
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(6 animals per group), given intraperitoneal injections of 
10 mg. doses. In both groups the venom test was applied 15 
minutes after injection of the antihyaluronidase. 
Intrapouch injections of nor-epinephrine (.03 to 0.1 cc. 
of a .001 percent solution) were administered to a group of 
6 hamsters. After 5 minutes, a .02 cc. quantity of the 0.01 
percent snake venom test solution was injected into the pouch. 
In an.other 6 hamsters the femoral vein was cannulated and 
0. 5 cc. of a .001 percent solution of nor-epinephrine was in-
jected in increments of .05 cc. over a 2-hour period. The 
cheek pouch was prepared for continuous observation during 
the period of injection. .In most cases general vasoconstric-
tion was in evidence within 3 to 5 minutes after the in·jection 
of approximately .1 cc. of nor-epinephrine solution. The venom 
test was applied as soon as this condition of the cheek pouch 
vessels was observed. 
EFFECTS OF MOCCASIN VENOM ADMINISTERED 
INTRAMUSCULARLY AND INTRAVASCULARLY 
Eight hamsters were treated with intramuscular (flank) 
injections of .2 cc. of a 1 percent moccasin venom solution. 
Cheek pouch observations were made immediately after injection 
and at 30-minute intervals thereafter for a period of 2 hours. 
Intravascular administration of moccasin venom was ac-
complished in 6 hamsters by cannulating the external maxillary 
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artery. (See Figure 9). The cheek pouch was then directly 
perfused with 2 cc. of moccasin venom (1 percent solution). 
Perfusion was continued for a period of 2 hours, during which 
time frequent observations were made on the condition of the 
blood vessels. 
EFFECTS OF MOCCASIN VENOM ON THE MESENTERY 
AS COMPARED WITH THE CHEEK POUCH 
The mesoappendix preparation was made according to the 
method described for the rat by Zweifach (1948). The fur of 
the hamster was removed in the abdominal area and the region 
swabbed with Zephiran solution (1:1000 in mammalian Ringer's 
solution). Dissecting instruments were placed in Zephiran 
for thirty minutes or longer, before surgery. No attempt was 
made to conduct the surgery in a strictly sterile manner since 
the hamster is resistant to infection. A 15 mm. incision was 
made through the abdominal wall, slightly to the right of the 
mid-ventral line, and the animal was placed on a modified plas-
tic observation dish (Figure 10). Using probes and forceps 
with tips covered with pieces of catheter tubing, the cecum 
was manipulated to the opening and extruded by gentle exter-
nal pressure. The cecum was then cradled in a small plastic 
holder devised by the author, (Figure 11), and the mesentery 
spanned for observation. All the exposed viscera were immedi-
ately covered with cotton sponges soaked in mammalian Ringer's 
solution at 37.5°C. Thermoregulated Ringer's solution was 
Cannulation of the external maxillary artery. 
37 
Figure 9 
Mesentery observation dish. 
Cecum cradle for spanning the mesoceum. 
r 
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Figure 10 
Figure 11 
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delivered to the mesenteryin a constant drip at 37.5°0. (See 
Figure 12 to 14). Waste Ringer's solution was automatically 
drained through a channel and run-off spout in the observation 
dish. The entire apparatus is shown as arranged for operation 
in Figure 15. 
Fourteen normal hamsters were used to establish the con-
trol response of the mesenteric blood vessels to moccasin venom. 
The mesocecum preparation was made by the method described 
above, and the .mesentery was bathed with a thermoregulated 
drip of mammalian Ringer's solution for 15 minutes before the 
moccasin venom test solution was applied. This permitted 
general re·covery of mesenteric vessels following the unavoid-
able trauma associated with exposure and spanning of the mem-
brane. After the initial waiting period, the drip was stopped 
and the preparation was irrigated for 25 seconds with pre-
heated venom (.01 percent solution at 37.5°C.). Approximately 
0.5 cc. of snake venom solution was required for this proce-
dure. The Ringer drip was resumed immediately after applica-
tion of the venom and periodic petechial counts were made for 
1 hour. 
Modification in the degree of petechial susceptibility of 
mesenteric vessels was tested in 6 hamsters which received 1200r 
of x-irradiation delivered to the total body. Mesenteric prep-
arations were made 5 days after treatment, and observations were 
made at 10 minute intervals following application of the venom. 
Exposure of the cecum. 
Cecum cradled. 
Mesoappendix prepared for observation. 
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Figure 12 
FigurP 13 
J 
Figure 14 
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Figur e 15 
Apparatus for me senteric study . 
1. Reflex camera 
2. Capac i tator f or e l ectronic flash 
3. Electronic f l a sh tube 
4. Thermomet e r and delivery needle 
5. Drip regulator clamp 
6 . Thermoregul at or 
7. Delivery flask 
8. 100-watt l amp (heat source) 
9 . Mercury nlunger-type re l ay 
10. Reservoi r of mamma lian Ringer' s solution 
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The antihemorrhagic agent Adrenosem was administered 
(1.5 mg. intramuscularly) to each of 6 hamsters, 5 minutes 
before the pre-heated venom test solution was applied to the 
mesentery. Petechial counts were recorded at 30 minutes and 
1 hour. Another group of 6 hamsters received intramuscular 
injections of 1.5 mg. of Adrenosem prior to total body x-ray 
treatment with 1200r. On the 5th post-irradiation day, the 
moccasin venom test ~ras applied to the mesentery and periodic 
petechial counts were made. 
The effect of hyaluronidase on the mesenteric vessels 
was tested in 6 hamsters. Following the initial 15~minute 
stabilization period, the thermoregulated drip of Ringer's 
solution was interrupted for 25 seconds during which time 
approximately 0.5 cc. (75 TR units) of hyaluronidase was 
topically applied to the .membrane. Frequent observations 
were made and petechial ' hemorrhages were counted at 30 minutes 
and 1 hour. 
RESULTS AND OBSERVATIONS 
SNAKE VENOM CONTROLS (CHEEK POUCH) 
In establishing a c_ontrol response to snake venom, it 
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was found that .02 cc. of a 0.01 percent solution generally 
produced 150 or more petechial hemorrhages within a 2•hour 
period. Results on 50 animals provided a statistically com-
puted average of 144 petechiae with a standard deviation of 26. 
No consistency in numbers of petechiae occurred at the end of 
the first 30-minute period. Numbers varied from 0 to 100. At 
1 hour, however, readings were sufficiently stable to warrant 
computing the average of 80 with a standard deviation of 36. 
Although the 2-hour count was used as an ultimate comparison, 
the stability of the 1-hour figure was found to be very useful 
in evaluating the effect of irradiation as described below. 
In the course of experimentation to obtain quantitative 
control data, various vascular effects in addition to the 
hemorrhagic phenomenon were observed under higher magnifica-
tions than that used for the routine counting of petechiae. 
In Figure 16 is shown the initial effect of the venom. The 
normally rapid rate of blood flow gradually decreased (within 
1 to 3 minutes), and the formed elements b~came very distinct. 
The erythrocytes were packed and appeared swollen. These ob-
servations led to the designation of this pre-petechiation 
phase as the period of "beaded flow". Leukocytes adhered to 
Beaded flow following application 
of moccasin venom. 
Leukocytic sticking produced 
by moccasin venom. 
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Figure 16 
Figure 17 
45 
the venular endothelium or rolled along in greater numbers 
than are normally observed (Figure 17). Arteriolar smooth 
muscle frequently constricted, either uniformly or segmentally. 
Figure 18 depicts an arteriole immediately prior to topical 
application of venom. The constricting effect of the venom 
upon the same vessel is shown in Figure 19. Another arteriole 
is shown in a segmentally constricted condition. (Figure 20). 
Arteriolar vasomotion was observed occasionally, characterized 
by alternate contraction and relaxation in fairly rapid se-
quence. 
It was observed that petechial hemorrhages occurred 
principally at venous junctions. (Figure 21). The effect of 
the venom was local (Figure 22) and transitory. Resolution 
of petechial spots was usually completed within 24 to 48 hours. 
Most of these phenomena were illustrated in a 16 mm. Kodachrome 
motion picture film entitled "Mechanism of Petechial Formation" 
by Fulton, Shulman, Lutz, and Arendt (1953) and described in 
abstracts of the film {Arendt, Shulman, Fulton, and Lutz, 1953). 
USE OF MOCCASIN VENOM AS A TEST FOR 
HEMORRHAGIC EFFECT OF IRRADIATION 
Very definite vasodilation was observed on the 5th post-
irradiation day in animals which had received 1200r total body 
x-irradiation. Considerable tortuosity was in evidence, and 
there was a noticeable lack of rolling or adhering leukocytes . 
Arteriole prior to topical application of venom. 
Arteriole constricted by venom action. 
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Figure 18 
Figure 19 
Segmental constriction produced by snake venom. 
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Figure 20 
Petechial formation at a venular junction. 
Figure 21 
Area of normal cheek pouch before 
application of moccasin venom. 
Area of cheek pouch showing the local effect 
of topically-applied snake venom. 
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Figure 22 (a) 
Figure 22 {b) 
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in the circulation. In some instances blood flow appeared 
granular. Figure 23 illustrates a normal pouch. Sho~n in 
Figure 24 is the pouch of an animal which had received 1200r 
total body x-irradiation 5 days previously. Topical applica-
tion of the moccasin venom test solution produced an average 
of 117 petechiae (standard deviation 30) in 1 hour. These in-
·creased counts at 1 hour were statistically significant when 
compared with the controls (z • 3.20). 
The petechial susceptibility of the cheek pouch vessels 
of hamsters which had received 1200r dosages of total body 
x-irradiation was essentially the same on the 2nd post-irradi-
ation day as that noted in the control group. The average 
1-hour petechial count was SO. (Standard deviation 13). At 
2 hours the average was 146 with a standard deviation of 7. 
Hamsters which were allowed to reach a near-terminal condition 
following 1200r total body irradiation generally had markedly 
vasoconstricted pouches with rather sluggish blood flow. In-
creased petechial susceptibility was indicated by an average 
count of 146 hemorrhages (standard deviation 5) . at 1 hour. 
The effectiveness of localized irradiation in producing 
an increase in petechial susceptibility was definitely demon-
strated in hamsters which received total pouch x-ray treatment. 
Although there was no observable dilation of the cheek pouch 
vessels in animals which were examined immediately follo\'>ring 
Normal cheek pouch. 
Vasodilation of cheek pouch vessels 
on the 5th post-irradiation (1200r). 
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Figure 23 
Figure 24 
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treatment with 500r dosages of x-irradiation delivered to th~ 
total pouch, the venom test revealed a marked increase in 
petechial susceptibility. Petechial counts at 1 hour averaged 
145 with a standard deviation of 7. 
Total pouch x-irradiation dosages of 50r produced no sig-
nificant immediate effects. Intrapouch injections of the moc-
casin venom test solution resulted in the formation of an 
average of 70 petechiae (standard deviation 19} within 1 hour. 
Two-hour counts averaged 148, with a standard deviation of 4. 
On the 2nd post-irradiation day, however, cheek pouches which 
had been subjected to 50r x-ray dosages appeared definitely 
vasodilated. One-hour post-venom petechial counts averaged 
111 (standard deviation 58}. At 90 minutes the average count 
was 129 petechiae (standard deviation 31}, and at the end of 
the 2-hour test period every cheek pouch had developed hemor-
rhages in excess of 150. 
The reaction of the hamster cheek pouch to a small but 
potent source of ionizing irradiation was dramatically shown 
by the effect of the 141 microcurie Sr90 bead. Marked vaso-
dilation and erythema were observed in pouches in which the 
bead had remained for 24 to 48 hours. Edema and varying de-
grees of necrosis and epithelial adhesion were routinely en-
countered at 48 hours. Typical effects of the bead at 24 
hours are shown in Figures 25 and 26. Susceptibility of the 
cheek pouch blood vessels to petechial formation was consider-
Srqo bead at the time of 
intrapouch implantation. 
Vascular effect of a 24-hour 
exposure to Sr90 bead. 
Venom effect on blood vessels 
after 24-hour exposure to Sr9o. 
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Figure 25 
Figure 26 
Figure 27 
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ably increased by this form of irradiation, as indicated by 
the rapidity with which the en~ point was reached following 
the topical application of moccasin venom. Counts of 150 or 
more petechiae were in evidence within 30 to 45 minutes in 
most instances, and in no case was more than 1 hour required 
for the end point to be reached. A 45 minute post-venom re-
sponse is pictured in Figure 27. 
The effect of Co6o was found to be quantitatively similar 
to that of sr90 for the dosages in use, although the reaction 
was not as severe and was tremendously slow in manifesting 
itself. The typical appearance of the cheek pouch at the 
time of implantation of the cobalt needle is shown in Figure 
2$. The effect of an exposure of 4 weeks is demonstrated in 
Figure 29. The moccasin venom test in animals treated with 
Co6o indicated a definite increase in the tendency toward 
petechial hemorrhaging. End~point counts were obtained with-
in 90 minutes. (Figure 30). 
EVALUATION OF ANTIHEMORRHAGIC AGENTS . 
No vascular changes were observed in the cheek pouches 
of hamsters having received injections of Adrenosem. There 
was no apparent alteration in the normal nature of the blood 
flow, and vessel ca libers remained unaffected. However, the 
response to topically applied snake venom indicated a marked 
r 
Co6o rod at the time of intrapouch implantation. 
Effect of 4-\t-reek exposure to Co6o. 
Venom effect in the cheek pouch after 
4-week exposure to Co6o. 
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Figure 28 
Figure 29 
- ~ . 
Figure 30 
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decrease in susceptibility to petechial formation. An average · 
of 40 petechiae (standard deviation 45) were counted at 1 hour. 
The count at the end of the 2-hour test period averaged 72 
petechiae (standard deviation 47). The decreased counts at 
2 hours were statistically significant when compared ~~th the 
controls (2.x2 comparative trial test, z:: 4.50). 
Cheek pouch observations on the 5th post-irradiation day 
showed no appreciable differences between those hamsters which 
had received Adrenosem prior to 1200r total body x-irradiation, 
and those which received Adrenosem just before the venom test. 
Although the cheek pouch vessels of both groups were similarly 
dilated and somewhat tortuous, there were significant differ-
ences in response to the venom test. At the 2-hour period 
hamsters treated with Adreno sem before irradiation had developed 
an average of 48 petechial hemorrhages (standard deviation 36), 
whereas animals treated immediately prior to application of 
the venom test showed an average of 101 petechiae (standard 
deviation 39). 
Treatment with rutin before intrapouch administration of 
moccasin venom proved ineffectual in decreasing the petechial 
susceptibility of the blood vessels. The average number of 
petechiae at 1 hour was 77 (standard deviation 11). At 2 hours 
the mean value was 146 petechiae with a standard deviation of 
8. The protective value of rutin was demonstrated in the group 
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of hamsters which had been treated with this substance immed i -
ately before they received 1200r of x-irradiation delivered 
to the total body. On the 5th post-irradiation day, marked 
dilation was observed in the cheek pouch vessels of these 
animals. Petechial formation in response to moccasin venom 
was not significantly different from that observed in the con-
trol group. The count at 1 hour averaged 83 petechiae (stand-
ard deviation 17), and the 2-hour average was 143 (standard 
deviation 9). However, the values were found to be signifi-
cant when compared to the petechial counts obtained at 1 hour 
in the unprotected irradiated group (z = 2.49). 
The vascular effects of prolonged treatment with corti-
sone were essentially those described by Wyman, Fulton, Lutz, 
and Smith (1954). On the lOth day of injection the cheek 
pouches presented a grossly observable paleness. Observation 
of the preparations by means of low power microscopy revealed 
a generalized vasoconstriction. Blood flow was found to be 
good in both arterial and venous vessels with no obvious ab-
normalities of the intravascular formed elements. A fairly 
graphic demonstration of the effect of experimental hyper-
corticalism upon the vascular calibers is afforded in Figures 
31 and 32. In Figure 31 the area of a normal cheek pouch is 
shown. Figure 32 is a photograph of a comparable area, at 
the same magnification, taken on the lOth day of cortisone 
treatment. The overall vasoconstriction is clearly defined. 
Area of a normal cheek pouch. 
Vasoconstriction on the lOth 
day of cortisone treatment. 
I 
·• 
I 
Figure 31 
Figure 32 
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Intrapouch injections of 0.01 percent moccasin venom produced 
petechial counts essentially the same as those obtained in the 
control group. The number of petechiae at 1 hour averaged 78 
with a standard deviation of 11. At 2 hours, the figure was 
found to be 147 (standard deviation 9). 
ELUCIDATION OF THE MECHANISM OF PETECHIAL FORMATION 
Intrapouch administration of calcium-free Ringer's solu-
tion had no observable effect on vessel caliber or nature of 
blood flow. Petechial formation was negligible, with 2-hour 
counts averaging 1.7 (standard deviation 2.4). 
The effects of a calcium-free Ringer's solution of moc-
casin venom on the blood vessels of the cheek pouch were simi-
lar to those reported for the control group, and there was no 
apparent increase in the tendency toward petechial formation. 
Average petechial counts were 73 (standard deviation 11) at 1 
hour, and 140 (standard deviation 12) at the end of the 2-hour 
test period. 
Intravenous injection of calcium-free Ringer's solution 
was only slightly more effective in producing petechial hemor-
rhages in the cheek pouch vessels than direct intrapouch ad-
ministration. There were no observable vascular effects other 
than the average 2-hour counts of 5 petechiae (standard devi-
ation 2). Moccasin venom elicited a control response when 
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injected into the cheek pouches of hamsters which had received 
intravenous dosages of calcium-free Ringer's solution. Two-
hour petechial data indicated an average of 146 hemorrhages 
with a standard deviation of 6. 
Topically applied hyaluronidase had no generally observ-
able effect on the cheek pouch vessels. In 3 hamsters a some-
what granular flow was observed in a few venules, and 1 hamster 
exhibited fibrillation in the skeletal muscle bands of the 
pouch. At 2 hours petechial counts were insignificant, aver-
aging 1.5 (standard deviation 1.2). Intrapouch injection of 
a combination of hyaluronidase and snake venom, on the other 
hand, very definitely increased the rate of petechial forma-
tion. An average of 119 petechiae (standard deviation 28) 
developed within the first 30-minute observation period. End 
point counts of 150 or more hemorrhages were reached in all 
the hamsters within 1 hour. 
There was no apparent inhibition of the snake venom effect 
in the 3 groups of hamsters which had been pre-treated with 3 
experimental antihyaluronidase solutions. None of the sub-
stances had any observable effect upon the blood vessels of 
the cheek pouches tested. Average petechial counts for all 3 
groups are tabulated for 1 and 2 hours. (See page 69). 
Intrapouch injection of nor-epinephrine (.001 percent 
solution) elicited an almost irnmedtate constriction of the 
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arterioles with which it came in di.rect contact. Within 5 
minutes most of the arterioles in the area adjacent to the 
bleb were also constricted. The results of the application 
of the moccasin venom test were essentially similar to those 
obtained in the control group. Petechial counts at 1 hour 
averaged 77 (standard deviation 14), and the end point was 
reached at 2 hours with an average of 148 petechiae (standard 
deviation 4). 
The cheek pouch vessels of hamsters receiving intravenous 
injections of nor-epinephrine were generally constricted with-
in 2 to 3 minutes following administration of the first 0.1 cc. 
of the solution. It was found that by careful addition of small 
increments, this constriction could be maintained for a 2-hour 
period at a level which allowed rapid blood flow. The vascular 
response to the snake venom test was a significant one. At 1 
hour, the average petechial count was 108. (Standard deviation 
32). End-point counts in all animals were reached 1-rell in ad-
vance of the final 2-hour observations. 
EFFECTS OF MOCCASIN VENCM ADMINISTERED 
INTRAMUSCULARLY AND INTRAVASCULARLY 
Intramuscular injection of moccasin venom usually pro-
duced constriction of many arterioles in the cheek pouch with-
in 15 minutes. Beaded flow was observed in smaller venules. 
In one animal, there was considerable fibrillation of skeletal 
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muscle bands in the cheek pouch. 1'he arteriolar constriction 
persisted for 90 minutes, although it became definitely less 
marked following the 30-minute obse,rvation. At 2 hours, vaso-
constriction was negligible and the! blood flow was apparently 
normal in most cases. Petechial fc·rmation was not significant. 
Two hamsters developed 3 petechiae in 2 hours, and 1 had a 
single hemorrhage. The average petechial counts for all 8 
animals in the group were 0.7 {standard deviation 1.1) at 1 
hour, and 1 (standard deviation 1) at 2 hours. 
Blood flow in the cheek pouch became beaded in appearance 
within 1 minute after the initial injection of moccasin venom 
into the external maxillary artery and considerable arteriolar 
vasoconstriction was in evidence throughout the organ. Al-
though the constriction persisted for 2 hours, there was no 
petechial formation. {Figures 33 and 34). 
EFFECTS OF MOCCASIN VENOM ON THE MESENTERY 
AS COMPARED WITH THE CHEEK POUCH 
Figure 35 illustrates an area of the mesentery before 
application of snake venom. The pre-petechiation responses 
of the mesenteric vessels to the venom were found to be es-
sentially those described for the· cheek· pouch. At 30 minutes 
petechial counts averaged 28 (standard deviation 8). An · aver-
age count of 50 was observed at 1 hour, with a standard devi-
ation of 5. The 1-hour figure was used as the end point value. 
A typical 1-hour respons~ is sho~~ in Figure 36. 
Area of the cheek pouch prior to 
perfusion with moccasin venom. 
Cheek pouch vessels after 2 hours 
of perfusion with snake venom. 
6J 
Figure JJ 
Figure 34 
Mesenteric vessels prior to topical 
application of moccasin venom. 
Mesenteric vasc:ular response 
to venom ( 1 hour). 
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Figure 35 
.J 
Figure 36 
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Mesenteric blood vessels in total body x-irradiated ham-
sters did not exhibit the marked d:Llation so characteristic 
of cheek pouch vessels on the 5th day following treatment with 
1200r of x-ray. However, some of t,he large distributing ves-
sels traversing the body of the ce,::um appeared to be engorged. 
The large numbers of hemorrhages p:roduced by moccasin venom 
indicated a very significant increase in petechial suscepti-
bility. An average of 90 (standard deviation 20) was recorded 
at 15 minutes. It was considered unnecessary to continue the 
observations beyond the 3 0-minute ,:)eriod, inasmuch as petechial 
counts were up to 114 (standard de·~riation 5). Figure 37 shows 
an area of the mesoappendix of a h•:~.mster ·on the 5th post-irradi-
ation day. A typical 30-minute post-venom response is illus-
trated in Figure 38. 
A protective effect of Adrenosem administered 5 minutes 
before application of the venom solution was very adequately 
demonstrated in the mesentery. Alt.hough no observable change 
was detected in the nature of the 'blood vessels, petechial 
hemorrhaging following application of the moccasin venom test 
solution was greatly reduced. Petechial counts averaged 5 
(standard deviation 2) at 30 minutes, and 10 (standard devi-
ation 3) at l hour. Pre-irradiation treatment with Adrenosem 
had little protective value. Petechiae developed quite rapidly 
and averaged 58 (standard deviation 9) at the end of the ini-
Mesoappendix on 5th post-
irradiation day (1200r). 
Response to moccasin 
venom (30 minutes). 
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Figure 37 
Figure 38 
I. 
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tial 30-minute observation period. The 1-hour average was 89 
(standard deviation 8). 
Topical applications of hyaluronidase were of little conse-
quence in the production of petechiae in the mesoappendix. At 
the end of the 1-hour te·st period, the average number of hemor-
rhages was 7 (standard deviation 3). Hyaluronidase had no other 
observable effect upon the blood vessels of the mesentery. 
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PETECHIAL COUNTS PRODUCED IN HAMSTER 
CHEEK POUCH BY MOCCASIN VENOM 
(MEANS fu~D STANDARD DEVIATIONS) 
GROUP 30 1 so' 90 1 
NO . 
120 1 ANIMALS 
Controls 8o!3s 144±2s 50 
X-Ray (1200r 117!3o 20 
total body) 
X-Ray ('1200r 
total body) 
8oZ*3 146Z7 (a) Pre-dilation 
74!13 
s 
(b) Constricted 14S-5 s 
Phase 
Total Pouch X-Ray 
145±7 (a) 500r 6 
(b) 50r 
70:!:19 148!4 Irnmed. Post. s 
2 Da . Post. 111±58 129±'31 150 s 
sr90 9S±24 150+ 11 
coso 
+ S2-42 129!34 149:!:1o s 
Adrenosem 40:!:45 72±47 35 
X-Ray & Adrenosem 
48±3s (a) Pre -irrad. 12 
(b) Post-irrad. 10li39 12 
Rutin 77'±11 146'±8 s 
Rutin & X-Ray 83±17 143±9 8 
Cortisone 78±11 147±9 14 
Ca-free Ringer's + 0.7-1.03 + 1.7-2.4 7 
(Intrapouch) 
Ca-free Ringerts & 73±11 140±12 7 
Venom (Intrapouch) 
Ca-free Ringer's 3±2 s±2 s (Intravenous) 
Ca-free Ringer's 76Zlo 14s±s s 
(Intravenous) & 
Venom (Intrapouch) 
30 1 t ' 120 1 
NO. 
GROUP 60 90 ANIMALS 
Hyaluronidase 1.5±J..2 6 
(Intrapouch) 
Hyaluronidase & 119±28 150+ 10 
Venom (Intrapouch) 
Antihyaluronidase 
78±12 145::!:4 (a~ SN 40-B 10 (b SC-4892 64±18 125±4 6 (c) SC-5345 88±s 146±2 6 
Nor-epinephrine & 77::!:14 148±4 6 
Venom (Intrapouch) 
Nor-epinephrine 1o9t32 150+ 6 (In tavenous) & 
Venom (Intrapouch) 
Moccasin Venom + 0.7-1.1 1±1 8 (In tramuscu1ar) 
Moccasin Venom 0 6 
(Cheek Pouch Per-
fusion With Venom) 
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SIGNIFICANCE~f. TABLE FOR PETECHIAL COUNTS IN 
EXPERIMENTAL GROUPS COMPARED WITH CONTROLS 
(2x2 COMPARATIVE TRIAL TEST) 
EXPERIMENTAL GROUP 
X-Ray 
x-Ray (a) Pre-dilation 
(b) Constricted 
Phase 
Total Pouch X-Ray 
(a) 500r 
(b) 50r 
sr90 
Coso 
Immed. Post 
2 Da. Post 
Adrenosem 
Adrenosem 
(a) Pre-Irrad. 
(b) Post-Irrad. 
Rutin 
Rutin & X-Ray 
Cortisone 
Ca-f'ree Ringer's 
(Intrapouch) 
CHEEK POUCH 
1 HOUR 
S (z = 4.41) 
NS (z = 0.5) 
S (z = 2.7) 
S (z = 3.33) 
NS ( z = 1.36) 
S (z = 2.16} 
S (z = 4.41) 
S (z = 2.98) 
NS(z=0.44) 
NS (z = 0.035) 
Ca-f'ree Ringer's NS (z = 0.58) 
nntrapouch) & Venom 
(Intrapouch) 
Ca-.free Ringer's 
(Intravenous) 
Ca-.free Ringer's 
(Intravenous) & 
Venom (Intrapouch) 
NS (z = 1.36} 
2 HOURS 
S (z = 3.31) 
S (z = 4.5) 
S (z = 6.09) 
S (z = 3.75) 
NS (z = 0.5) 
NS (z = 0.43) 
n 
n 
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EXPERIMENTAL GROUP 1 HOUR 2 HOURS 
Hyaluronidase n 
(Intrapouch) 
Hyaluronidasf3 & 
Venom (Intrapouch) 
s ( z = 4.42) 
.Antihyal uronidase (z 0.035) (a) SN 40-B NS = {b) SC-4892 NS (z = 1.36) (c) SC-5345 NS {z = 1.32) 
Nor-epinephrine & 
Venom (Intrapouch) 
NS (z = 0.405} 
Nor-epinephrine s ( z = 3.14) 
(Intravenous} & 
Venom (Intrapouch} 
Moccasin Venom . n 
(Intramuscular) 
Moccasin Venom n 
(Cheek Pouch Per-
fusion} 
* Significance is indicated by 
values of 1.96 or greater 
S = Significant 
NS = Not significant 
n = Petechial formation negligible 
PETECHIAL COUNTS PRODUCED IN HAMSTER 
MESENTERY BY MOCCASIN VENOM 
{MEANS AND STANDARD DEVIATIONS) 
GROUP 15' 30' 60' NO. ANIMALS 
Controls 2s±s . 50±5 14 
X-Ray 92±2o 114±5 6 
(1200r, total body) 
Adrenosem 5±2 10±3 6 
Adrenosem & X-Ray 58±9 sg±s 6 
Hyaluronidase + 6-3 7±3 6 
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SIGNIFICANCE TABLE FOR PETECHIAL COUNTS IN 
EXPERIMENTAL GROUPS COMPARED WITH CONTROLS 
( 2x2 COMPARATIVE TRIAL TEST} 
MESENTERY 
CONTROLS VS. 30 1 ' 60 
X-Ray S (z = 3.13) 
Adrenosem S (z = 4.37) 
Adrenosem & X-Ray s ( z = 3.13) ' 
Hyaluronidase S (z = 4.37) 
SIGNIFICANCE TABLE 
COMPARISON OF EXPERIMENTAL GROUPS 
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( 2x2 COMPARATIVE TRIAL TEST, EXCEPT WHERE INDICATED) 
(A) CHEEK POUCH 
GROUPS COMPARED 60' 
Total Pouch X-Ray S (z = 3.31) 
500r vs. 50r 
Adrenosem S (By Fisher's t Test) 
Pre-Irradiation t = 3.31) 
vs. 
Post-Irradiation 
Adrenosem 
Pre-Irradiation 
VSii , 
X-Ray 
Adrenosem 
Post-Irradiation 
vs. 
X-Ray 
Rutin & X-Ray 
vs. 
X-Ray 
Adrenosem & X-Ray 
S (z = 2.49) 
(B) MESENTERY 
30 1 
S (By Fisher's t Test) 
t = 14 
120' 
S (z = 2.31) 
s (z = 3.26) 
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DISCUSSION 
Although the exact physiological mechanism involved in 
petechial formation is still not kno~m, certain reasonable 
conclusions may be drawn regarding conditions involved in the 
extravasation of formed elements of the blood. Chambers and 
Zweifach (1947) stated that the role of the constituent cells 
of the endothelial wall of the blood vessel in permeability 
must be subordinate to that of the intercellular substance, 
"otherwise the endothelial cell would have to be so porous 
as to make it difficult to conceive how such a body of proto-
plasm can maintain the highly specific attributes of a living 
cell." Zweifach (1955) reported that the exchange of materials 
between blood and extravascular tissues is conditioned by the 
integrity of the intercellular cement substance and a plasma 
protein layer adsorbed onto the inner surfaces of blood ves-
sels. According to Zweifach, the outward passage of formed 
elements and large molecular constituents of the blood occurs 
as a consequence of alterations in the "tonicity" of the endo-
thelial cells and in conditions where the plasma constituent 
lining the pores of the cement is dissipated. Petechial hemor-
rhaging in scorbutic animals was reported by Lee (1947) to be 
due to softening of tissues supporting the vessel walls, rather 
than the result of weakening of the interendothelial cement. 
This would suggest that the hydrostatic pressure of the blood 
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is also involved. Bleyl (1942) observed that the endothelial 
cells of blood vessels in the mesentery of the dog and the 
rat a bsorb venomized plasma as rapidly as do the blood cor-
puscles. The endothelial cells became swollen and pulled away 
from adjoining cells, thus increasing vascular permeability. 
The author thinks that proteolytic and lipolytic actions 
of the enzymatic constituents in moccasin snake venom may be 
responsible for a degree of denaturation of the intercellular 
portions of the vascular endothelium sufficient to permit the 
outward passage of erythrocytes. This cioes not necessarily 
presuppose a complete dissolution or erosion of the cement. 
Such a situation is indeed contraindicated by the fact that 
petechial formation is initiated and stopped very abruptly 
without a sign of actual rupture. It is also possible that 
adjacent endothelial cells temporarily retract interlocking 
processes thus permitting the escape of erythrocytes. 
An alteration in the integrity of the perivascular sheath 
may be of some consequence. The formation of petechiae occur-
red predominantly at venous junctions. This finding substanti-
ated the report by Spaet (1952) that petechial formation oc-
curred usually at vascular branches and particularly on the 
venous side of the circulation. He suggested that a discon-
tinuity in the basement membrane at these loci is responsible 
for the escape of red cells. 
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Chen and Tsai (1948) stated that petechial hemorrhaging 
is compensated for by closure of the precapillary sphincters . 
This is followed by the formation of a platelet plug which 
closes off the injury until repair is effected. The identi-
fication of a platelet plug as a factor in stopping erythro-
cytic extravasation differs materially from observations made 
during the course of the research reported in this disserta -
tion. The author found, as did Spaet, that petechial . forma -
. tion ceased without any evidence of platelet plugs or fibrin 
clots. Brazil and Vellard (1928) maintained that moccasin 
venom precipitates fibrinogen and that some factor in the ven-
om itself induces coagulation. This view was substantiated by 
Billing (1930) and Hanut (1939). It is conceivable that a 
combination of this phenomenon and the physical pressure of 
the perivascular tissue might account for the cessation of 
extravasation. 
The phenomenon of beaded flow may be satisfactorily ex-
plained by changes in the erythrocyte "envelope", as described 
by Bleyl (1942) and others. The resultant increase in perme-
ability of the cell causes an influx of fluid which produces 
a spherocytic, or bead-like structure. This observation was 
adequately documented in the literature review. The packed 
appearance of the spherocytes is possibly due to hemoconcen-
tration. Although the extensive edema reported by other in-
vestigators was not observed, evidence for a loss of intra-
vascular fluid was found. Preparations observed under high 
magnifications (5000Cto 900x) frequently became clouded and 
useless for photomicrography after the venom test solution had 
been topically applied for several minutes. 
The hyaluronidase present in moccasin venom is not of it-
self the hemorrhagic agent as shown by the complete ineffec-
tiveness of topical applications of this substance alone in 
production of petechiae in the cheek pouch and mesoappendix 
of the hamster. However, its role as spreading factor was 
convincingly demonstrated by the marked increase ·in the rate 
of petechial formation, when combined hyaluronidase and venom 
were injected into the cheek pouch. The hyaluronidase ap-
parently cleared the way through the connective tissue, allow-
ing more extensive contact of the hemorrhagic enzymes in the 
venom with the blood vessels. The effect of venom was not 
diminished by pre-treatment with antihyaluronidase. This 
finding apparently agrees with statements made by Porges 
(1953) regarding the inability of "anti-invasin" (antihyalur-
onidase) to inhibit the "pro-invasin" of moccasin snake venom. 
Increased numbers of petechiae after irradiation occurred 
in the post-irradiation periods .of vasodilation and terminal 
vasoconstriction. This indicates that the degree of disten-
tion of the vessel wall per ~ is not a critical factor in 
petechial susceptibility. Thus, cortisone {5 mg. daily sub-
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cutaneously) produces vasoconstriction in the hamster cheek 
pouch (Wymari, Fulton, Shulman, Smith 1954), but does not ma-
terially affect the action of venom in the pouch. An increase 
occurred in the petechial susceptibility of the blood vessels 
of the cheek pouch during cons~ction produced by intravenous 
administration of nor-epinephrine. This may have resulted 
from an elevation in blood pressure produced by general vaso-
constriction in the hamster. 
The mode of action of Adrenosem is not yet kno~m. Sherber 
(1953) had little to offer by way of explanation of the physi-
ological factors involved. He stated that this adrenochrome 
preparation is "a potent antihemorrhagic factor in those con-
ditions in which the integrity of the smaller vessels is inter-
rupted, and is superior to any similar material that is now 
available." Whatever the mechanism that may be involved, lit-
tle doubt exists that the substance is effective in protection 
against destructive toxinq such as snake venom. Treatment with 
Adrenosem before x-irradiation proved more effective in pre-
venting petechial formation than post-irradiation treatment 
just prior to application of the venom test. This suggests 
that Adrenosem somehow protected the blood vessels from the 
full effect of the irradiation. However, pre-irradiation 
treatment with single doses of 1.5 mg. of this antihemorrhagic 
agent did not significantly prolong the lives of hamsters which 
had received 1200r delivered to the whole body. 
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The blood vessels of the mesoappendix reacted to moccasin 
venom much more rapidly than the vessels of the cheek pouch. 
This is probably due to the lack of abundant connective tissue 
in the mesentery, providing comparatively little resistance to 
the topically-applied toxins. 
Petechial hemorrhages generally disappeared from the cheek 
pouch vdthin 2 days. The fate of extravasated erythrocytes 
was carefully studied some years ago. Sabin, Doan, and 
Cunningham (1924) made subcutaneous injections of blood cells 
in various mammals. They described phagocytosis of erythro-
cytes by clasmatocytes considered to be derived from endothe-
lium. Lewis and Lewis (1925) found that large mononuclear 
cells in hanging drops of blood were filled with phagocytized 
erythrocytes at the end of 24 hours. Clark and Clark (1926) 
observed the removal of extravasated red cells in Hyla and 
bullfrog larvae. It was found that wandering pigmented tissue 
cells and lymphatic capillaries are active agents in this proc-
ess. These investigators were convinced that the wandering 
cells in amphibian larvae are morphological and physiological 
equivalents of mammalian cells which have been variously desig-
nated as clasmatocytes, macrophages, histiocytes, and endothe-
lial leukocytes. Lymphatic capillaries immediately began the 
process of drawing up the blood cells and returning them in-
tact to the circulation. Damaged cells, however, were phago-
cytized by the large histiocytes. 
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Although the exact mechanisms involved in petechial forma-
tion are still obscure, the moccasin snake venom test is a use-
ful quantitative method for measuring the petechial suscepti-
bility and hemorrhagic tendency. 
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SUMMARY 
The use of rnoccasin snake venom in standard amounts is 
proposed as a test for the susceptibility of blood vessels to 
petechial formation in the cheek pouch and mesoappendix of the 
hamster. The reBults of the v-enom test are reported as applied 
to normal hamsters and those treated with beta and gamma ir-
radiation, Adrenc>sem, rutin, cortisone, calcium-free mammalian 
Ringer's solution, hyaluronidase, antihyaluronidase and nor-
epinephrine. 
The proper c:oncentration of venom and the methods for 
application and E!valuation of the test were standardized. 
Petechial counts were made at 30-minute intervals for periods 
of 2 hours or leBs. End-point counts were established at 150 
in the cheek pouc:h, and 50 in the mesentery. The control re-
sponse of the veBsels of the cheek pouch was established in 
50 normal, untre~Lted hamsters. Fourteen animals were used in 
determination of the control values for the mesoappendix. 
Total body-x-irradiation (l200r) increased the suscepti-
bility of cheek pouch blood vessels to petechial formation dur-
. ing the erythemat;ous (dilation) stage, on the 5th day after 
irradiation. The response to topically-applied venom on the 
2nd post-irradiat;ion day (pre-dilation phase) was normal, in- · 
dicating no modification of petechial susceptibility at that 
time. A marked increase in petechiation was observed during 
the terminal phase of vasoconstriction. X-irradiation pro-
duced no observable vasodilation in the mesoappendix, but 
petechial formation in response to moccasin venom was greatly 
increased on the 5th post-irradiation day. 
Partial body x-irradiation (500r) localized to the cheek 
pouch under observation produced an immediate increase in pete-
chial susceptibility. Blood vessels of cheek pouches irradi-
ated with 50r showed no immediate increase in response to snake 
venom, but on the 2nd post-irradiation day susceptibility was 
definitely increased. 
Intrapouch implantations of sr90 (141 microcurie bead) 
and Co6o ( 92 microcurie needle) -produced an accelerated pete-
chial response when the venom test was applied. sr90 -was ef-
fec'tive within 48 hours, whereas Co6o required 4 '\'reeks to 
elicit a similar response. 
The hemostatic agent Adrenosem increased the resistance 
with respect to petechiation and decreased the susceptibility 
of the blood vessels of the cheek pouch and mesentery as de-
termined by the venom test. Pre-irradiation treatment with 
Adrenosem proved effective in increasing resistance of the 
cheek pouch vessels to venom-induced petechial formation on 
the 5th day after x-irradiation (lOOOr and 1200r) of the total 
body. Post-irradiation treatment was considerably less ef-
fective. The mesenteric blood vessels in total body x-irradi-
ated hamsters were not as well protected by Adrenosem as ves-
sels of the cheek pouch. 
The use of rutin immediately prior to intrapouch injec-
tion of the moccasin venom test solution had no appreciable 
effect on petechial susceptibility. However, the blood ves-
sels in cheek pouches of hamsters which had been treated with 
rutin prior to total body x-irradiation (1200r) exhibited a 
significant increase in resistance to petechial formation, as 
compared with measurements in untreated x-irradiated hamsters.; 
Cortisone injected subcutaneously into 14 hamsters for a 
period of 10 days (5 mg. daily) did not modify the petechial 
susceptibility of blood vessels in the cheek pouch as compared 
with that of the controls. 
No demonstrable alteration in the petechial susceptibili-
ty occurred during the use of calcium-free mammalian Ringer's 
solution. Intrapouch and i~travenous injections of this solu-
tion alone were totally ineffective. The combined intrapouch 
injection of calcium-free Ringer's solution and moccasin venom 
produced no more petechiae than moccasin venom per ~' and the 
same was true for the combination of intravenously administered 
calcium-free Ringer's solution and intrapouch injection of venom. 
Topically-applied hyaluronidase was wholly ineffective 
in causing petechiation in the hamster cheek pouch, and only 
slightly effective in the mesentery. Combined hyaluronidase 
and moccasin venom markedly enhanced petechial formation. Three 
experimental antihyaluronidase solutions (SN 40-B; SC-4892; 
SC-5345, G. D. Searle, Inc.) produced no significant change in 
petechial susceptibility as compared with the controls. 
Simultaneous intrapouch injection of nor-epinephrine and 
snake venom produced the same number of petechiae as in the 
control group. However, intravenously administered nor-epin-
ephrine caused a significant increase in petechial suscepti-
bility as indicated by the venom test. 
Intramuscular (flank) injections of concentrated solu-
tions of moccasin snake venom had a negligible effect in the 
production of petechiae in the cheek pouch. Perfusion of the 
cheek pouch with concentrated venom, by way of the external 
maxi+lary artery, was equally ineffective. 
A 16 mm. . Kodachrome motion picture film, "Mechanism of 
Petechial Formation" (Fulton, Shulman, Lutz, and Arendt 1953) 
was prepared in an effort to visualize the factors involved 
in petechial formation and in cessation of extrava.sation. The 
film sho-v.rs individual erythrocytes popping suddenly through 
the walls primarily at venular junctions, without apparent 
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rupture of the vessel. Petechial formation terminates abruptly 
without the appearance of platelet plugs or fibrin clots. 
Although the exact mechanisms involved in petechial forma-
tion have not been demonstrated, the moccasin snake venom test 
is a useful quantitative method for measuring the petechial 
susceptibility of blood vessels under various conditions. 
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ABSTRACT 
A method has been devised for determination of the hemor-
rhagic tendency ~ !1!2· Cottonmouth moccasin snake venom 
(Agkistrodon piscivorus piscivorus) is used as a quantitative 
test to measure the petechial susceptibility of blood vessels 
in the cheek pouch and mesoappendix of the golden hamster 
(Mesocricetus auratus). The test has been applied under Nembu-
tal anesthesia to more than 330 hamsters treated in groups of 
10 or more with beta and gamma irradiations, the hemostatic 
agent Adrenosem, rutin, cortisone, calcium; free Ringer's solu-
tion, hyaluronidase, antihyaluronidase, and nor-epinephrine. 
As applied to the cheek pouch, the venom test consisted 
of the intrapouch injection of .02 cc. of a standard test sol u-
tion (0.01 percent moccasin venom in mammalian Ringer's solu-
tion) by means of a Krogh-Keyes syringe pipette. Exact pete-
chial counts were made at 30-minute intervals for periods of 
2 hours or less. The response to be expected in normal ham-
sters was established in a group of 50 animals. An average of 
80 petechiae (standard deviation 36) formed within 1 hour fo l -
lowing application of venom. Within 2 hours 150 or more pete-
chial hemorrhages developed. This figure was therefore con-
sidered as the end-point value and used as a basis for compari-
son with experimental groups. As applied to the mesentery, 
the venom test consisted of irrigating the preparation with 
pre-heated venom for 25 seconds. Observations were made at 
15-minute intervals for a period of 1 hour. The end-point 
count in the mesoappendix of the normal hamster was established 
as 50 petechiae at 1 hour. 
The mechanism involved in petechial formation was studied 
by Kodachrome motion picture recording of the actual process 
at 900 magnifications. Erythrocytic extravasation occurred 
without apparent rupture of the vessel wall and ceased abrupt ly 
without platelet plug or fibrin clot formation. Petechiae oc -
curred principally at venous junctions. The effect of snake 
venom was local and transitory, resolution of the hemorrhages 
usually being complete within 24 to 48 hours. 
Various vascular effects in addition to the hemorrhagic 
phenomenon were observed. Within 1 to 3 minutes after appli-
cation of the venom, the erythrocytes appeared packed and 
swollen. This pre-petechiation phase was designated as the 
period of "beaded flow". An increase occurred in the numbers 
of leukocytes adhering to the venular endothelium. Also arte-
riolar vasoconstriction and vasomotion were often encountered. 
An increased bleeding tendency in x-irradiated hamsters 
was shown by the moccasin venom test. At 5 days after total 
body x-irradiation with 1200r, an average of 117 petechiae 
(standard deviation 30) were counted in the cheek pouch withi n 
1 hour. Increased petechial susceptibility was also demon-
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strated in the blood vessels of the mesoappendix after similar 
treatment with x-irradiation as shown by an average of 92 pete-
chiae (standard deviation 20) at 15 minutes following appli-
cation of venom. No change in petechial susceptibility was 
detected on the 2nd post-irradiation day. However, a marked 
increase in susceptibility was observed in hamsters in a near-
terminal condition at 7 to 9 days following 1200r total body 
x-irradiation. Petechial counts averaged 146 (standard devi-
ation 5) at 1 hour. 
X-irradiation of the total cheek pouch with 500r pro-
duced an immediate increase in petechial susceptibility, as 
indicated by an average of 145 hemorrhages at 1 hour (stand-
ard deviation 7). Dosages of 50r delivered to the total pouch 
produced no significant immediate effects, but on the 2nd day 
after irradiation petechial counts at 90 minutes averaged 129 
with a standard deviation of 31. 
Intrapouch implantations of Sr90 (141 microcurie bead; 
24 to 48 hour exposure) and Co6o (92 microcurie needle; 4 
weeks exposure) resulted in an increased petechial response 
to topically applied moccasin venom. End-point counts were 
obtained within 45 minutes and 90 minutes respectively, fol-
lowing application of the venom. · 
Adrenosem (1.5 mg. intramuscularly) administered shortly 
before topical application of the snake venom test solution 
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increased the resistance of cheek pouch and mesenteric blood 
vessels to the action of venom. Petechial count~ in th~ cheek 
pouch averaged 72 (standard deviation 47) at 2 hours. Ten 
petechiae (standard deviation 3) were counted at 1 hour in 
the mesentery. Pre-irradiation treatment with Adrenosem ef-
fectively reduced the petechial susceptibility of the blood 
vessels of the cheek pouch to snake venom applied on the 5th 
day after x-irradiation (lOOOr and 1200r). An average of 48 
hemorrhages (standard deviation 3 6) was recorded 2 hours after 
application of moccasin venom. The protective value of pre-
irradiation treatment with Adrenosem was not as great in the 
mesentery. Petechial counts averaged 89 (standard deviation 8) . 
1 hour after application of the venom test solution. 
Treatment with 25 mg. of rutin before intrapouch admini-
stration of moccasin venom proved ineffectual in decreasing 
the petechial susceptibility of the blood vessels. At 2 hours 
the mean petechial value was 146 with a standard deviation of 
$. However, rutin gave protection against hemorrhaging when 
administered prior to total body x-irradiation with l200r as 
demonstrated in hamsters tested with moccasin venom solution 
on the 5th post-irradiation day. The average count at 1 hour 
was $3 petechiae (standard deviation 17). This response was 
essentially the same as that determined for the non-irradiated 
control group, although significantly lower than the mean value 
obtained at 1 hour in unprotected irradiated animals. 
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The effect of prolonged treatment with cortisone upon the 
p&techial susceptibility of blood vessels in the cheek pouch 
was studied. Ten daily injections of cortisone acetate (5 mg. 
subcutaneously) were administered before intrapouch application 
of the snake venom test. The petechial response did not differ 
materially from that of the control group. Average petechial 
counts of 147 (standard deviation 9) were recorded at 2 hours. 
No demonstrable modification occurred in the resistance 
of cheek pouch blood vessels in hamsters treated with calcium-
free mammalian Ringer's solution. Intrapouch and intravenous 
injections of this solution alone were almost wholly ineffec-
tive in eliciting a petechial response as indicated by average 
2-hour counts of 1.7 (standard deviation 2.4) and 5 (standard 
deviation 2) respectively. Intrapouch injection of calcium-
free Ringer's solution and moccasin venom combined, resulted 
in the formation of 140 petechiae (standard deviation 12) in 
2 hours. A similar response was also observed in animals which 
were treated with intravenously administered calcium-free Ringer's 
solution and intrapouch injections of moccasin venom. The 
counts at 2 hours were comparable with those in the control 
group, averaging 146 petechiae (standard deviation 6). 
Topically-applied hyaluronidase (75 TR units) was inef-
fective in producing petechiae in the cheek pouch, but intra-
pouch injection of a combination of only 7.1 TR units of 
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hyaluronidase and .02 cc. of 0.01 percent moccasin venom solu-
tion produced a marked increase in petechial formation. End-
point counts of 150 or more petechiae were recorded at 1 hour 
in all 10 hamsters comprising this group. In the mesoappendi~ 
75 TR units of hyaluronidase were only slightly effective. An 
average petechial count of 7 (standard deviation 3) was ob-
tained at 1 hour. Three experimental antihyaluronidase solu-
tions (SN 40-B; SC-4S92; SC-5345, G. D. Searle, Inc.) produced 
no signi f icant change in the petechial susceptibility of cheek 
pouch blood vessels as compared with the control group. 
Simultaneous intrapouch injections of nor-epinephrine 
(.03 cc. of a .001 percent solution) and the standard amount 
of the venom test solution produced an average of 14S pete-
chial hemorrhages (standard deviation 4) in 2 hours. Intra-
venous injection of a vaso~onstrictor dose of nor-epinephrine 
produced a very significant increase in petechial formation. 
The mean petechial count at 1 hour was lOS (standard deviation 
32}. 
The effects of intramuscular and intravascular admini-
strations of venom were also studied. Intramuscular (flank) 
injections of .2 cc. of a concentrated solution of moccasin 
venom (1 percent} did not produce petechiae in the cheek pouc~ 
although arteriolar constriction and beaded flow were preva-
lent. Similar results were obtained with intravascular admini-
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stration of moccasin venom accomplished by cannulating the 
external maxillary artery and perfusing the cheek pouch with 
approximately 2 cc. of a 1 percent venom solution over a per-
iod of 2 hours. 
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